Background: Cash transfer programs (CTPs) aim to strengthen financial security for vulnerable households. This potentially enables improvements in diet, hygiene, health service access and investment in food production or income generation. The effect of CTPs on the outcome of children already severely malnourished is not well delineated. The objective of this study was to test whether CTPs will improve the outcome of children treated for severe acute malnutrition (SAM) in the Democratic Republic of the Congo over 6 months.
Background
Childhood malnutrition is a significant cause of ill health and poor development worldwide. High-quality nutrition is essential in early childhood to ensure healthy growth, proper organ formation and function, a strong immune system and neurological and cognitive development. Children with severe acute malnutrition (SAM) are at high risk of morbidity and death [1] . There are estimated to be 19 million children younger than 5 years of age with SAM worldwide, of whom more than 800,000 die annually [1] .
Although considerable progress has been made in treating SAM [2] [3] [4] , one way to reduce the burden of acute malnutrition is to prevent its emergence among children by increasing the resilience of poor and vulnerable households. Poverty is generally acknowledged to be the major antecedent of malnutrition [5] [6] [7] , and social protection and safety-net interventions are important to protect maternal and child nutrition [8] . Recently, cash transfer programs (CTPs), which deliver direct unconditional or conditional cash to households, are being tested in developing countries [9] . Such programs have been used in developed countries for many years as the main method for poverty reduction and social security. Although literature reviews of CTPs used in humanitarian relief interventions have appeared over the last few years, none has provided conclusive evidence of a sustained positive impact on child nutritional status, and several comment that the ways in which these interventions have an impact are not clearly understood [10] [11] [12] [13] [14] [15] [16] [17] . Even if an increasing number of studies have highlighted a positive effect of CTPs in increasing diet diversity [18] [19] [20] , food consumption [20, 21] , health status [18, 22] and access to health care [19, 21] , the evidence of a resulting effect on child nutrition is mixed and inconclusive, particularly in sub-Saharan Africa [18, 19, 23] . Nevertheless, evidence is emerging to show that complementary cash interventions could improve the results of nutrition interventions. In Niger and Somalia, cash transfers provided to households with acutely malnourished children improved recovery beyond the provision of ready-to-use therapeutic foods (RUTF) [24, 25] . CTPs appear to reduce the sharing of therapeutic foods and may improve the effectiveness of such interventions. It is also possible that the additional cash could increase the cost-effectiveness of the nutrition intervention, if gains in effectiveness more than balance the added cost of the subvention.
There is a particular need to determine the effect of CTP strategies and their impact on vulnerable households with malnourished members among different target groups and contexts. Most underlying causes of malnutrition are a function of people's resources and social context. What households produce as well as the time they have to care for dependent members are determined by a range of social, economic and political factors; these are thought to include the division of labour, gender inequality, educational opportunities and property and power relations. When households have more money, they can diversify their diets by buying or growing food of a higher quality, being able to afford to attend the health centre and investing capital to create ongoing income-generating opportunities. Here, we hypothesised that additional cash will have a direct effect to improve the final outcome of children enrolled in a community-based management of acute malnutrition (CMAM) program. Specifically, within the household the cash would decrease intra-household sharing of the RUTF and improve the food diversity and consumption. The cash would improve the outcome of the malnourished child by reducing death, morbidity, transfer to hospital, defaulting, relapse or other causes of failure. The child would have higher rates of mid-upper arm circumference (MUAC) and weight gain and derived anthropometric indices.
This paper presents the findings from a clusterrandomised trial comparing the outcome of a standard Outpatient Therapeutic Program (OTP) for SAM and infant and young child feeding (IYCF) counselling with and without a monthly cash transfer over a 6-month period in the Democratic Republic of the Congo (DRC).
Methods

Study design
The present study took place in the DRC, where around two million children younger than 5 years old are affected by SAM every year [26, 27] . This case load is higher than the number of children suffering from SAM in all of the Sahelian countries combined. Our cluster-randomised controlled trial was carried out in Bipemba (a commune of 57.5 km 2 in the city of Mbuji-Mayi; GPS 6°11'S 23°54'E) in the Kasaï-Oriental province. There are 52 functional health centres where management of SAM was established using the OTP module of the National Integrated Management of Acute Malnutrition protocol. This setting was selected for the following reasons. First, the socioeconomic homogeneity of the whole livelihood zone was confirmed by three baseline surveys: (1) a market chain analysis [28] , (2) a Household Economy Approach (HEA) assessment [29] and (3) a Knowledge, Attitude and Practices (KAP) survey [30] . Second, the prevalence of severe wasting, using World Health Organisation (WHO) criteria, in children between 6 to 59 months of age reported in the province between 2013 and 2014 was above 2% [26] . Third, there are no major seasonal changes in this area which could affect the outcome of children discharged at different times during the study [31] .
A cluster was defined by a health centre and its catchment area. There were 52 eligible health centres, of which 20 were selected. The health centres were selected at random by sequentially drawing, in public, sealed, numbered papers from a basket in the presence of all 52 health centre representatives. A priori, in order to minimise contamination bias between clusters if a subsequent health centre was drawn but was found to have a catchment area adjoining a health centre that had already been selected, that centre was eliminated from the draw and a further sealed paper drawn; the health centre representatives were aware of this procedure before the draw took place. When the 20 health centres that were to be included in the trial were chosen, a second selection round was conducted with each selected centre drawing a sealed paper with either a 1 or 2 written on it to indicate to which arm of the trial that centre would be entered. A third selection was made in private when one of the arms was assigned at random to receive standard SAM management plus counselling and the other arm standard SAM management plus counselling plus cash transfer. In order to detect an expected recovery rate of 70% after 8 weeks and an expected difference between groups of 10%, with an α-error = 5%, a β-error = 20% and an intra-class correlation of 0.001, a sample size of 1392 children was required. Assuming a study dropout of up to 15%, a total sample size of 1600 children was projected with an average of 80 participants per cluster: 800 per arm. Because we wished to avoid any confounding from temporal variation in the centres' recruitment rate, we determined the potential case load from the admissions during the previous year when there had not been any active screening of the population. We then conducted an exhaustive, active screening of the whole catchment area of each health centre in order to recruit the required number of children (about 4 per centre per day) over as short a time as possible. The staff in each health centre comprised the nurse in charge and two Save the Children staff dedicated to check and collect the data. The study's staff were supervised by Pronanut (the DRC Government nutrition agency) and UNICEF. The study teams were trained intensively for 3 weeks prior to the start of the study by the Principal Investigator, and the details of the national protocol were revised with the nurses in charge of the centres.
Inclusion criteria for the trial required participants to be eligible for outpatient SAM treatment according to the integrated management of acute malnutrition (IMAM) national protocol [32] , have no congenital abnormality that may affect growth, no peanut allergy, be resident in the catchment area of the health centre and be available for the 6-month study period. A child was eligible for selection if aged between 6 and 59 months with a MUAC <115 mm and/or a weight-for-height/ length Z-score (WHZ) < -3Z [33] and/or with bilateral oedema. As treatment was as an outpatient at recruitment, the child also had to have a moderate or good appetite using a formal test meal of RUTF, an absence of defined clinical complications and no generalised (grade +++) oedema according to the national protocol [32] .
Patients with complications, a poor appetite or generalised oedema were referred for in-patient management and were not subsequently enrolled after discharge. Patients who deteriorated after recruitment were maintained within the study; if they required admission to hospital, they were again followed after discharge. The participant children were either detected through passive screening during routine growth monitoring and outpatient clinic visits or through active screening in the community using MUAC and oedema only; they were then sequentially included in the trial until the preset sample size was reached.
Ethical considerations
The objectives and procedures of the study were explained to heads of households or principal child caregivers before inclusion. An informed consent statement was read aloud in the local dialect before consenting adults signed or gave their fingerprint. It was emphasised that participation in the study was not a precondition for obtaining nutritional treatment and free medical services. It was clearly stated that participants were free to withdraw from the study at any time. The protocol was approved by both the National Ethical Committee of the School of Public Health from the Faculty of Medicine of University of Kinshasa and the Ministry of Public Health. The study was registered on ClinicalTrials.gov as NCT02460848 and was performed in accordance with Good Clinical Practice (GCP) guidelines for clinical trials and according to the tenets of the Declaration of Helsinki.
Interventions
In both study arms, children with SAM received treatment according to the IMAM national protocol for OTP and counselling on IYCF [32] . At admission, children received a weekly take-home ration of RUTF supplying approximately 170 kcal per kilogram per day (Plumpy'nut®, Nutriset) and routine medicines: routine anti-helminthic treatment for those older than 1 year of age, 7 days of amoxicillin and a vitamin A preventive dose; where indicated measles vaccination and anti-malarial treatment were given. Weekly follow-up was conducted at the health centres. At baseline and at each visit the following were performed: clinical history; physical examination; an appetite test; and anthropometric measurements using standard techniques (weight was measured with UNISCALE electronic scales with a precision of 100 g; length with a rigid wooden length board for children <87 cm and standing height for children ≥87 cm to the nearest 0.1 cm; MUAC was measured with a non-stretchable tape with a precision of 1 mm) [34] . They were then given the next therapeutic ration until they reached discharge criteria. Children were transferred to inpatient therapeutic program (ITP) for any clinical complication, including poor appetite, or meeting the failure to respond to treatment' criteria of the national protocol. Children were discharged as recovered' if they achieved WHZ ≥ −1.5 (WHO Growth Standards 2006) or MUAC ≥125 mm at two consecutive visits and absence of bilateral oedema for at least 14 days. Non-response was defined as not meeting the criteria for nutritional recovery by 12 weeks and default as failing to appear for two consecutive follow-up visits confirmed by a home visit. Diet replacement and intra-household sharing of the RUTF were assessed using a questionnaire with the household each week during the treatment period. The IYCF counselling sessions took place in the household during a home visit; they lasted approximately 1.5 h at admission and 45 min during subsequent visits. During the first 3 months, caretakers were also invited to attend cooking sessions where recipes for optimising the children's meals with local ingredients were demonstrated.
After discharge, children were followed up monthly: medical history, physical examination, and anthropometry were repeated at each visit until the end of the study. Observations were concluded 6 months after recruitment. Thus, those who were under treatment for longer had a shorter post-discharge follow-up; as failure to respond was defined as still being malnourished after 12 weeks of treatment, the minimum follow-up period was 14 weeks, so that individual children had either three, four or five monthly follow-up assessments. Children were defined as having relapsed to SAM if they again reached any of the three criteria defining SAM at least once during the monthly follow-up visits after being discharged as recovered. Children's relapse to moderate acute malnutrition (MAM) was defined as the development of WHZ < -2.0 and ≥ -3.0 (WHO Growth Standards 2006) or MUAC <125 mm and ≥115 mm (without bilateral oedema) at least once during the monthly follow-up visits, without the child developing SAM criteria during any other follow-up visit. 'Unknown' was defined as a defaulter not confirmed by a home visit or with no information for the child at the end of the trial. Withdrawal from the study was defined as participants who elected to stop the study for personal reasons.
At enrolment, trained health workers recorded the socioeconomic characteristics of the household and categorised it into wealth groups according to local definitions of wealth and assets from the HEA assessment. The Household Dietary Diversity Scores (HDDSs) [35] and the Food Consumption Scores (FCSs) [36] were collected at the first and last household visit; each of them included respectively 12 and 8 food groups. Individual Dietary Diversity Scores (IDDSs) [35, 37] included 8 food groups and were collected at each clinic visit, i.e. weekly during treatment and monthly during follow-up.
All participating caretakers from the intervention group with one or more children with SAM received an unconditional cash transfer of US$40 value each month during treatment and follow-up for a total of 6 months (US$240 in total). We emphasised to the participants that they could use the funds in any way they saw fit in a completely unrestricted way without any conditions being imposed on how the cash was used. The cash was distributed directly to the child's caretaker for each household in the intervention group without informing or involving the health centre staff. Each month the cash was given from 10 separate administrative offices (separately located from the health centre) by two Save the Children financial staff and two food security supervisors attached to the study and completely independent of the health centre staff. The dispensing of the money was spread throughout the month according to the patient's admission date, so that daily attendance was minimised. This mechanism was considered the most secure to preserve confidentiality and to avoid contamination bias; electronic and other forms of cash transfer were not available in the area at the time of this study.
The amount given to each household was fixed and not adjusted by the size of the household or the number of malnourished children. This amount was calculated to provide 70% of the monthly household income for a household of seven persons characterised as very poor using HEA criteria [29] . Seventy percent of the average monthly expenditure would be sufficient to purchase all the household's food energy needs (2100 kcal per day per person), the costs of food preparation and consumption (e.g. salt, soap, kerosene and/or firewood and basic lighting) and drinking water. The main household expenditures and sources of income were collected at enrolment; how the household spent the additional cash provided by the CTP was determined monthly during the study.
The cash transfer for a family of seven persons amounts to 18 cents US per person per day. As the area is isolated without reliable ground transportation of goods, it tends to be more expensive than less isolated areas. The cash given in other CTPs in the DRC varies from US$110 to US$135 monthly (except for one pilot project which dispensed US$20.5 per month). The amount given in this study was judged by the Emergency Department of UNICEF to be a sustainable amount that could be supported by donors and other stakeholders if the program were to be scaled up; the higher amounts given in other programs were judged to be unsustainable operationally [38] .
Data analysis
All data were collected on standardised paper forms and double-entered into EpiData version 3.1 (EpiData Association) by staff unaware of the arm to which each health centre belonged. Any anthropometric data which fell outside the limits of biological plausibility, using WHO criteria, were eliminated from the database [39] . Changes in height of more than 5 cm, weight by more than 10% of body weight or MUAC of more than 20 mm between visits were considered implausible data recording or measurement errors; in this case, the data from the previous or the later visit were substituted. All data cleaning was performed by a qualified individual who was not aware of the assignment, grouping or centres to which individual children belonged. Potential anthropometric errors which were slightly less gross were considered suspect' and viewed individually in relation to the other longitudinal values of that variable obtained with the rest of the child's data blinded in accordance with recent recommendations [40] . Obvious errors inconsistent with the other recordings of that variable were corrected (such as a single value showing a loss of height with a subsequent measurement in agreement with the antecedent measurements), but other forms of suspect data were not altered. All analyses were by intention to treat at recruitment except the examination of relapse, which was confined to children who reached the discharge criteria as recovered' (children who had not recovered could not relapse). Statistical significance was set at the 5% level. All analyses were conducted in accordance with Consolidated Standards of Reporting Trials (CON-SORT) guidelines, extended to cluster-randomised trials, using R software version 3.2.2.
Significance testing for differences between intervention and control groups at baseline was performed using the independent sample Student's t test for continuous variables and the chi-square test for categorical variables.
Differences in child recovery between trial arms of the primary outcomes and relapse rate after discharge from therapeutic home treatment were tested by using a mixedeffects Poisson regression model, with health centre as random effect to estimate the incidence rate ratio (IRR). Next, we estimated hazard ratios (HRs) and 95% confidence intervals (CIs) using marginal Cox proportional hazards models adjusted for baseline values, where the outcome variable is time from recruitment to the event (recovery) and the time scale is calendar week. All 95% CIs used robust estimates of the variance to account for clustering at the health centre level as well as a shared-frailty model as developed by Andersen [41] . Potential interactions were assessed using a partial likelihood ratio test and a robust score test to calculate P values. We checked for possible deviation from the proportional hazards assumption of the Cox regression model by using the non-proportionality test on the basis of the Schoenfeld residuals.
Comparisons between arms for the secondary outcomes (recovery, defaulter, transfer, death and relapse rates), time to recovery, length/height change, IDDS, HDDS, FCS and daily, weekly and monthly anthropometrics changes were made by using linear mixed-effects models for continuous outcome variables, whereas mixed-effects logistic regression models were used for proportions, with health centre as random effect and models adjusted for baseline values. Analyses of anthropometric data which depended upon body weight excluded children with oedema; oedematous children were included in all other analyses.
We produced and used Kaplan-Meier plots to estimate the probability of failure to achieve and maintain nutritional recovery up to 6 months from enrolment. Survival curves of two groups were compared using the Cox regression analyses with robust estimates of the variance to account for clustering at the health centre level, and P values were computed with the robust score test.
Results
Between 16 July 2015 and 31 July 2015, 1600 children were admitted to the centres with a diagnosis of SAM; 119 (7.4%) children did not meet the inclusion criteria and were excluded. Among those, some were admitted using the IMAM unisex weight-for-height table but were ineligible using sex-specific assessment, a few lived outside the catchment area and others were referred directly to the hospital. Figure 1 shows the flow and outcomes of the 1481 subjects in the two arms of the study.
The control and intervention (cash) group's baseline characteristics are shown and compared in Table 1 . The malnourished children in each group were not significantly different; in particular, the anthropometry was similar between the groups. The IDDS becomes nonsignificant if a correction for multiple significance tests is made P > 0.05 (but the IDDS was used for the adjusted Cox analyses). The mothers had a higher school achievement in the intervention group, but were otherwise not different. The HEA assessment showed that 75% of the households were classified as poor or very poor in both arms. The household size and number of children younger than 5 years were both greater in the intervention group. However, there were fewer household members younger than 5 years in the intervention group compared to the control group (5.3 vs 5.5), so that the increased number of young children, and hence the dependency ratio, in the intervention group would tend to make this group more vulnerable to nutritional deficits. In both groups, less than 20% of the households had an acceptable diet diversity score with 43% being in the lowest category; 53% were considered to have poor or borderline food consumption. These results are consistent with previous assessments conducted in Kasaï-Oriental [42] and show that the households with SAM children are generally poor with a restricted diet, and most had an unacceptable food consumption score. The baseline characteristics of all enrolled children appeared balanced between the trial arms.
The results of the treatment are given in Table 2 . The difference in the proportion of children reaching the recovery criteria was highly significant between the control and intervention groups. This was partly due to children who failed to respond to treatment and to defaulting being significantly lower for children whose households received the cash supplement than those who did not. There was no difference in the mortality rate; however, the number of deaths recorded was very low and insufficient to show a statistical difference.
During treatment, changes in weight, WHZ, weight-forage Z-score (WAZ), body mass index Z-score (BMIZ) and IDDS were all significantly greater in the intervention group compared to the control group; however, there was not a difference in the rate of increase in MUAC or height.
Both groups gained less height than expected when compared with the standards for age of height-for-age Z-score (HAZ); the changes were not significant. The mean length of stay among children in the therapeutic program was 6.9 weeks (±2.5). It did not differ significantly between the groups, although the median was 1 week shorter in the intervention group.
The Cox regression analyses (Table 3) showed that by week 8 of treatment the cumulative probability of recovery was 29% higher in the intervention group than the control group; it was 28% at week 10 and increased to 35% by the 12 th week. Adjustment of the analysis for the significant baseline household and maternal characteristics increased the difference between the groups by a trivial amount. The mixed-effects Poisson regression analysis gave similar results. Table 4 shows the follow-up data of the children after recovery. At this stage the control children were not receiving any further input, but the intervention group continued to receive US$ 40/month. Compared to the control group, the cash-intervention group shows that the children from households with additional funds continued to have a higher weight and MUAC gains, which resulted in significant continued catch-up. The WAZ, WHZ, BMIZ, mid-upper arm circumference for age Z-score (MUACZage) and mid-upper arm circumference for height Z-score (MUACZ-ht) changes are all significantly greater than zero, showing true catch-up compared to the WHO standards. In contrast, the control group's changes in Z-score for these parameters were all negative; this was significantly less than no change for WHZ, and not different from zero for the other indices. This shows that, on average, the control children were deteriorating after discharge to become progressively less well-nourished with time after recovery and discharge from the treatment program. There was no catch-up in height-for-age for either group, so that the children remained stunted and the intervention did not improve linear growth over the time course of this study. When MUAC is related to height, there was also considerable catch-up in the intervened children compared with the control children.
This deterioration in the control children's status postdischarge is confirmed by the proportion of children who again developed MAM or SAM. Altogether 44% of the control children deteriorated after treatment, 11% to a level where they would be readmitted for SAM. Most of the children who relapsed to MAM did so with both WHZ and MUAC. Furthermore, as there was no significant gain in height, the deterioration in WHZ for those who relapsed to MAM or to SAM could not be ascribed to a disproportionate gain in height relative to weight.
For those who relapsed to SAM, only 8 of the 707 (1.1%) intervened children relapsed anthropometrically by the WHZ criterion and none by the MUAC criterion. The Non-response was defined as not meeting the criteria for nutritional recovery at 12 weeks and default as failing to appear for two consecutive follow-up visits confirmed by a home visit. Defaulter was defined as a patient absent for two consecutive visits and confirmed as absent by a home visit at week 3. Relapse to MAM was defined as the development of a WHZ < -2.0 and ≥ -3.0 (WHO Growth Standards 2006) or MUAC <125 mm and ≥115 mm (without bilateral oedema) at least once during the monthly follow-up visits without the child developing SAM criteria during any other follow-up visit. Relapse to SAM was defined as development of a WHZ < −3.0 (WHO Growth Standards 2006) or MUAC <115 mm or presence of bilateral oedema at least once during the monthly follow-up visits. Unknown was defined as defaulter not confirmed by a home visit or as no information for children at the end of the trial. Withdrawal from the study was defined as participants who had to stop the study for personal reasons main type of relapse in the intervened children was redevelopment of oedema. There were slightly more children who relapsed with oedema in the control group (26 vs 16), but the difference was not significant (χ 2 = 2.7, P = 0.10). In contrast, 47 (7.1%) of the control children re-developed anthropometric SAM having been discharged as cured.
The multivariate analysis results of the relative risk of relapse are shown in Table 5 . Here the data are adjusted for baseline variables to take into account the initial food consumption score, the household size and the education of the mother to determine whether differences in the households could account for the difference. The cluster effect was also allowed for in case the performance of the different health centres could account for the differences. The results remained highly significant for relapse to MAM, with an IRR of 0.25 for the intervention group and a HR of 0.21. The more serious relapse to SAM was also highly significant, being less than Children with oedema were excluded from the analysis for the assessment of weight and WHZ HAZ height-for-age Z-score, BMI body mass index Comparisons between arms were made by using linear mixed-effects models for continuous outcomes, whereas mixed-effects logistic regression models were used for proportions, with health centre as random effects b
Children with oedema were excluded from the analysis of parameters including weight HAZ height-for-age Z-score, WAZ weight-for-age Z-score, BMIZ body mass index for age Z-score, MUACZ-age mid-upper arm circumference for age Z-score, MUACZ-ht mid-upper arm circumference for height Z-score one third for both IRR and HR, despite our including the relapse to oedema in the model. For this analysis it should be noted that the reference group for those who relapsed to SAM included all children who remained normal and those who relapsed to MAM on the basis that those who developed MAM were also at risk of further deterioration to SAM. If the children who developed oedema are omitted from the analysis and we include only those who relapsed anthropometrically, the incidence rate and hazard ratios are even lower. Adjustment for the baseline characteristics had almost no effect upon the results, confirming that the two groups were balanced in terms of child, maternal and household characteristics.
In Table 6 we present the changes over the whole study period from admission of the severely malnourished child to the end of the study 6 months later, by intention to treat. With the exception of height gain (and HAZ), all the anthropometric indices showed a highly significant benefit for the cash-intervention group compared to the control group. The IRR and the Cox analysis are given in Table 7 and confirm that the HR for the intervened children was less than three quarters of that for the children whose families did not receive the cash supplement.
Thus, the cash intervention had a positive effect on all aspects of the management of these children. There was less defaulting, non-response to treatment, withdrawal, From marginal Cox proportional hazards models where the outcome variable is time until first event and time is calendar week. 95% CIs used robust estimates of the variance to account for clustering at the health centre level, and P value was performed with the robust score test. Co-variates in the adjusted model included the household size, the IDDS score and the school achievement of the mother Comparisons between arms were made by using linear mixed-effects models for continuous outcomes, whereas mixed-effects logistic regression models were used for proportions, with health centre as random effects From marginal Cox proportional hazards models where the outcome variable is time until first event and time is calendar week. 95% CIs used robust estimates of the variance to account for clustering at the health centre level, and P value was performed with the robust score test. Co-variates in the adjusted model included the household size, the IDDS score and the school achievement of the mother and relapse; faster gain in weight and MUAC, particularly after discharge; and actual catch-up in anthropometry relative to WHO standards. The cumulative effect of these factors on the final success or failure of the two different arms of the program to affect the children's overall recovery up to 6 months is shown in the KaplanMeier plot (Fig. 2) . It is clear that the proportion of failures' starts to increase shortly after admission and steadily increases so that by 12 weeks (the maximum time of treatment before declaring the child a nonresponder) there was a substantial difference between the groups. There followed a steep decline in the control Comparisons between arms were made by using linear mixed-effects models for continuous outcomes, whereas mixed-effects logistic regression models were used for proportions, with health centre as random effects b
Children with oedema were excluded from the analysis of parameters including weight c Ninety-three participants were dead, defaulters, unknown or withdrew from the study Table 7 Failure to achieve and maintain nutritional recovery over a 6-month period (intention to treat) From marginal Cox proportional hazards models where the outcome variable is time until first event and time is calendar week. 95% CIs used robust estimates of the variance to account for clustering at the health centre level, and P value was performed with the robust score test. Co-variates in the adjusted model included the household size, the IDDS score and the school achievement of the mother group as children relapsed without the post-treatment support given to the intervention group. In contrast, the decline in the cash-intervention group was relatively small and steady without any inflection at the time of discharge. Although by the time of discharge the success of the program was above Sphere standards for both groups, albeit much better in the cash group, the overall outcome was dramatically different [43] . After 6 months, 80.4% of the children in the intervention group not only recovered but remained so and on average had significant catch-up in weight and MUAC compared to WHO standards. In contrast, without the cash intervention only 38.8% of the children had an entirely successful outcome. As the baseline characteristics or health centre performance did not account for the differences, the question arises of whether the difference is due to the way in which the cash was used by the family, and whether it was used specifically to support the child's recovery or whether it was used by the adults for other purposes. The heads of household reported that they spent 67.2% of the money received to purchase food; 14.8% was dedicated to income-generating activities, followed by clothing (4.3%), water (2.8%), bill payment (2.3%), tuition fees (1.8%), health costs (1.5%) and the remaining 5.3% on other activities and basic needs. The extra expenditure on food should translate to an improvement of the quality of the diet for the index child and the whole family. Table 6 shows the IDDS, HDDS and FCS at the end of the study and the increments from the baseline values. There was a significant increase in each of these indices of food quality during the course of the study in both groups (P < 0.001). However, the increment in the cashintervention group was very much greater than that in the control group; the increment amounted to between 2.6 times for the index child's dietary diversity to 5.3 times the control group value for the household diet diversity score. By the end of the study, 60% of the intervention group's households had achieved a high dietary diversity, whereas only 17% of the non-intervened group had an acceptable dietary diversity at this time. Their food consumption scores mirrored these data with only 3.8% of the group receiving cash having a poor or borderline score compared to about 25% of the control group.
The comparison of the children who relapsed after recovery with those who maintained their recovery is given in Additional files 1 and 2: Tables S1 and S2. The children who relapsed all had highly significant losses of WAZ, WHZ, BMIZ, MUAC-age and MUAC-ht. The increments in diet diversity at both an individual and household level Fig. 2 Probability of failure to achieve and maintain nutritional recovery during treatment and follow-up to 6 months from enrolment in the two study groups. Failure of nutritional recovery was defined as dead, non-response to treatment after 12 weeks, a defaulter, a relapse to either SAM or MAM or unknown at 6 months from enrolment. Children were right censored where their nutritional recovery was defined as a WHZ ≥ −1.5 (WHO Growth Standards 2006) or MUAC ≥125 mm and absence of bilateral oedema and they did not relapse. Survival curves of the two groups were compared using the Cox regression analyses with robust estimates of the variance to account for clustering at the health centre level, and P value was performed with the robust score test (HR = 0.24, 95% CI 015 to 0.39; P < 0.001) were significantly greater than zero, but very much less than those for the control group (P < 0.001).
Discussion
To our knowledge, this is the only study to assess the direct effect of supporting households with cash during the course of treatment and follow-up of children with SAM. The analysis by intention to treat showed that the cash supplement significantly improved all aspects of treatment. Six months after admission, 80% of the children whose families were given additional support remained within the normal range of WHZ and MUAC. In contrast, less than 40% of those whose families did not receive this additional support had a good outcome; this is not only statistically significant but also biologically highly significant.
For a child to develop severe acute malnutrition shows the child, and presumably the siblings and whole household, to be at particular risk of death and the other serious consequences of being severely malnourished. Follow-up of young children in a DRC community with good medical facilities, but without specific management of SAM, shows that about 5% with a WHZ < -3Z are dead within 3 months; this increases to 15 to 20% at < -4Z and 30% for those approaching -5Z [44] [45] [46] .
The parents of malnourished children need to choose between attending the health centre and all their other competing activities essential to the integrity of the household. The poorer the household, the more important each individual economic activity is, because the survival of the household is fragile and continuously at risk from even minor additional stress. If the parents consider that the treatment at the health centre is not helping, competing activities critical or the costs of attending excessive, attending will not be a priority and they will default. Thus, the defaulting rate is one measure of the quality of the service provided. Children are much less likely to recover if they default from treatment [47] . The cash incentive could have altered the parents' perception and priorities so that there were far fewer defaulters in the intervention group from the early stages of treatment. The financial incentive to remain in the program is an important aspect of a CTP.
During treatment the intervention group gained weight faster than the control group, more children recovered and fewer failed to respond to treatment. This occurred despite the same amount of RUTF being dispensed to the families and all other aspects of treatment being the same apart from the cash delivery. The question arises of how the cash delivered to the family effected this improvement in recovery from wasting. We hypothesise that it was due either to the children receiving a higher proportion of the dispensed therapeutic food or to the child getting a higher quality diet from the family pot or a combination of these factors. As most of the funds were spent on food, it is unlikely that the immediate environment (water and sanitation for example) improved over a short time or that there was significantly more health-seeking behaviour.
We collected data on the sharing of the RUTF. The data is not presented because we judged it to be very inaccurate. The respondents from both groups reported very low levels of sharing within the family. In fact, compliance is usually poor in resource-poor settings with extensive sharing and there is an incentive for the families to exaggerate the amount taken by the child in order to ensure continued enrolment in the program [48, 49] . The mean energy cost of tissue deposition when a complete diet is given is about 5 kcal/g of new tissue [50] , and the requirement for maintaining body weight is about 100 kcal/kg/day. Thus, as the rates of weight gain were 3.8 to 4.4 g/kg/day, the intakes of these children would average around 120 kcal/kg/day. Thus, the maximum average intake of the RUTF is around 70% of the amount dispensed; the actual intake is likely to be much lower because some of the 120 kcal/kg taken by the child will come from the family food and not from the RUTF. Furthermore, if the RUTF were being taken exclusively, there would have been no other foods taken and the IDDS would have shown no diversity at all. As this was not the case, it confirms that the children were indeed consuming less than the computed 70% of the dispensed RUTF. Unrealised low compliance can be a major reason why randomised controlled trials report false negative results [51] . It is possible that in our trial, the extra cash, mostly spent on food, may have resulted in less sharing of the RUTF, because other family members now had adequate wholesome food, but this is unlikely. It is possible that the responses given to the investigators who reported less sharing in other studies were biased. However, the extra cash allowed the intervention households to purchase more expensive nutrient-rich food items, as shown by the increments in the food consumption and diet diversity scores. This, combined with the IYCF counseling, may have resulted in the whole family, including the index child, having a much higher quality family pot to augment the RUTF.
Dietary diversity is associated with a child's nutritional status [52] [53] [54] . Globally less than one third of 6 to 23 month old children meet the minimum criteria for dietary diversity, and only half receive the minimum number of meals required to maintain health [54] . Dietary monotony has been described as the hallmark of poverty and poor nutrition, and indeed, typical child diets in communities and households with high rates of malnutrition are restricted, nutrient-deficient, monotonous and bulky [55] . It is not possible to link poor growth to specific nutrient deficiencies in epidemiological studies because multiple nutrients are required for growth, and deficient diets usually lack several nutrients essential for growth.
In agreement with our results, CTPs in African countries and programs have reported an increase in household consumption with the majority of the additional income from the cash intervention being spent on a variety of foods with a resulting improvement of diet diversity [18] [19] [20] [21] . Cash transfers used in social protection programs are different from cash transfers in an emergency. In our case, the transfer took place during a relatively short period, when vulnerability was particularly high and the targeting criteria were clear; this may have affected how the money was used, because it was known by the beneficiaries that the cash income would not be sustained. The decision to use unconditional instead of conditional cash transfer in our study was based on the market analysis and KAP survey. Any consequent change in diet quality will depend upon the type and cost of the foods that are available for purchase locally, which will vary from place to place and from season to season. The children's intake will also depend on how the households appreciate the foods that are usually more expensive than the family staple and how they apportion these foods between family members -in particular to the index child. The IDDS scores indicate that the individual children's diet was greatly improved in the intervention group.
The most dramatic finding of our study was the difference in the relapse rate between the children of households who received ongoing support to the end of the 6-month period and those who were simply returned cured' to their households. Relapse after discharge was the main reason for failure of the program without the cash transfer; of those admitted initially less than 40% were deemed a success after 6 months. These are the most vulnerable children in the community; after treatment they are returned to exactly the same environment and circumstances that they endured whilst becoming malnourished. Although after treatment they are older and healthier and thus more likely to demand and receive their share of the household food, they are still at high risk of relapse without continued support.
The relapse rate without family support after discharge varies greatly from study to study [47] , but is often very high. Examples of follow-up studies include two from Malawi, one where moderately malnourished children were followed for 12 months, only 63% remained well nourished, 17% relapsed to MAM and 10% developed SAM, 4% died and 7% were lost to follow-up [56] ; in another 25% of the children died after discharge [57] , although many of these children had HIV. In one study in Bangladesh, 21% had either died or relapsed to SAM [58] after discharge, but in another study less than 1% relapsed although 2.3% died and 7.5% were lost to follow-up [59] . Little has changed since the early studies, as 8.9% of children were dead within 3 months of discharge having been treated for SAM in a recent study from Dhaka [60] . In Kenya, 1.5 years after discharge, 36% were dead and 28% were again underweight [61] . In Burkina Faso, after 1.1 years the relapse rate was 15.5% with 2.2% of children dying; in this study the loss to follow-up was very high at 34% [62] . In all such studies the relapse and death rates after discharge are minimum values, because a higher proportion of the lost to follow-up' children are likely to be lost because of death.
The state of food security at discharge has a decisive effect in countries with seasonality. This is elegantly shown in a study from India. Discharge when food security is low was followed by a relapse rate of 35% to MAM and 6.5% SAM; with moderate food security this fell to 29% and 3.8% and with high food security to 8.7% and 0.7% respectively [31] . These marked differences in relapse rate following discharge show the critical effect food security has on the subsequent fate of the children treated for SAM.
Thus, the very large differences between the relapse rates during food-insecure and food-secure times is artificially mirrored in the DRC with our study. The cash converted the food-insecure households with restricted diets and high levels of malnutrition to relatively foodsecure households in the same area at the same time as the control group households remained food-insecure. The difference in outcome for the two groups is clear. The intervention children continued to catch up from -1.5Z weight-for-height and MUAC for age towards the median; in contrast, the control group without this household support significantly deteriorated with a high proportion of the children relapsing.
Other forms of post-discharge support may also have a beneficial impact on the further fate of the children; for example, a quasi-controlled analysis showed a better outcome of MAM with prolonged supplementary feeding [63] . Cash may not be sufficient to give the best postdischarge outcome for the children; a preventive study in Niger showed that cash plus highly nutritious supplements was superior to cash alone [64] , although in our study there did not appear to be significant anthropometric relapse (1.1%) in the intervened group given cash alone post-discharge. There are inter alia differences in the types of food available, cultural practices, taboos, woman's roles, seasonality and climate between the DRC and Niger. This raises the question of the external validity of such studies. However, it is noteworthy that IYCF was not included in the Niger study, and it is possible that such counselling affected the choices, behaviour and disbursements of the recipient households in our study to the benefit of the children. There was no difference by group in the proportion of children developing oedema after discharge. We do not have an explanation for this observation, but it may depend upon individual nutrients, such as sulphur or particular antioxidants, being generally deficient from the foods available in this area [65] .
Our study emphasises that the protocols specifically developed for short-term relief in emergency situations may not be sufficient for use in impoverished communities in a developmental context. Having identified households with a malnourished child in the poorer sections of the society, giving short-term treatment to increase the weight of the child is appropriate to prevent imminent death, but is insufficient when the cured' children are simply returned to their original poverty-stricken households without other interventions. In this context the emergency' home treatment should be combined with developmental' support to the family that can be sustained in the longer term and lead to an improvement in their circumstances. It is unknown what happened to the children in this study when the cash transfer program ceased, because the children were not followed for logistical reasons. They may have deteriorated subsequently in the same way that the control group deteriorated without family support. Given the dramatic findings of this study, in terms of relapse, longer term follow-up should be investigated in further studies.
Although the increases in food diversity and food consumption scores were much greater in the intervention group, there was also an improvement in the control group which was significantly greater than their baseline assessments. This could be due to temporal changes in the whole community; alternatively, it could be ascribed to the IYCF counselling. Whatever the cause, it is clear that IYCF counselling did not have a dramatic effect on preventing deterioration or relapse in the control group. Knowledge about IYCF by the household could not compensate for the effect of poverty on their ability to purchase higher quality foods and presumably to follow the advice given about young child feeding. However, IYCF was probably critical for the changes in the intervention group, who now had the resources to implement the advice given during counselling.
It is important that distribution of cash respects the autonomy of households to decide how to best meet their own requirements. However, we expect that any significant effect on child nutritional status depends on the duration of exposure to the intervention and the amount of cash transfer received per household, per month, relative to the local costs and the local availability of high-quality food. Information on program costs, although a key indicator for public health decisionmakers and program managers, was not an objective of this study. Nevertheless, it usually costs less to get cash transfers to people than in-kind assistance because aid agencies do not need to purchase, transport, store and then pay to distribute relief goods. A four-country study comparing cash transfers and food aid found that 18% more people could be assisted at no extra cost if everyone received cash instead of basic food (i.e. not including fresh foods) [66] . In Ethiopia, the World Food Programme found cash to be more cost efficient than food aid by 25-30% [9] . Furthermore, when delivering assistance in conflict zones, especially food aid, there are additional difficulties. For example, in Somalia, only 35% of food aid budgets went to beneficiaries, compared to 85% of cash transfer budgets [67] .
In the DRC, and other large countries with a relatively scattered population and poor transport, preventive programs like general food distribution or blanket feeding are logistically too difficult and expensive and so have never been implemented country-wide. Supplementary feeding programs for treating MAM are sporadic and not functional in most of the DRC. In this context, CTPs should be considered as an alternative to in-kind assistance and services or as a complement to more traditional interventions. Normally national protocols for treating SAM state that children who have recovered from SAM should be enrolled in a supplementary feeding program to be followed and receive a fortified food ration for at least 3 months after discharge. This provision is frequently unrealistic. The results of the present study, which shows that a cash supplement effectively prevents relapse and allows for continued catch-up, demonstrate CTP to be a viable and more easily implemented alternative to a supplementary feeding program [68, 69] . Furthermore, if the cash is used to generate an ongoing income through minor entrepreneurial activities or other capital expenditures, then these poorest of families and their at-risk children may be helped in the longer term. The emergency non-governmental organisations (NGOs) which spearheaded the community management of SAM should consider adopting a developmental approach after treatment of the children with SAM, to alleviate poverty for such families rather than simply dispensing food and antibiotics.
Most programs for managing severely malnourished children do not automatically include a follow-up program and only report the (usually) excellent recovery' rates. Such would have been the results of both arms of our study. By including the follow-up in the assessment of our program, we have shown that many reports can be misleading in terms of the overall success of a program. We strongly recommend that such continued support and its evaluation should be routine for all CMAM/ IMAM programs in relatively stable countries.
This study showed that there was no catch-up in height-for-age in either group. Thus, the program had no effect on stunting. It may be that increased rates of normal growth, indicated by a height increase, are delayed beyond the study period, as observed by Heikens et al. [70] . Nevertheless, in none of the follow-up studies quoted above has a significant height increment been described. Studies of children involved in programs to prevent malnutrition have shown that the intervention prevents deterioration in height-for-age among the beneficiaries [71] but without evidence of catch-up. Nevertheless, catch-up has been shown, only after full recovery in weight-for-height, when high-quality diets are given under supervision [72] . A change in home environment has frequently led to catch-up in height [73] , but rarely if the home environment does not change [74] . Thus, although our program was very successful in correcting wasting and preventing relapse, there was neither a significant effect on stunting nor on the recurrence of oedematous malnutrition. The nutritional and other requirements to correct these deficits appear not to depend upon or be prevented by the interventions tested in this study.
Limitations of the study
It was not possible, of course, to blind the participants to the transfer of cash into their hands. Indeed, this intervention might have been the incentive to continue participation in the study and may have affected the results by preventing defaulting which was then analysed by intention to treat so that all defaulting children were included in the analyses and, where possible, followed up with home visits. Although the health centre staff were not involved in any way with the cash transfer, it is difficult on a practical level to prevent the service personnel from becoming aware of who received the intervention and who did not.
As the participants were not blinded, it is possible that the intervention group's respondents were more disposed towards the study than those of the control group, which could have affected the answers they gave to the questionnaires. We do not think that this is likely to have biased the results, as they both reported clearly erroneous reports of RUTF sharing to the same extent, and there were similarities of the two groups' responses at baseline. Nevertheless, it was not possible to verify the accuracy of the other questionnaire data with direct home observations. Clearly, this potential bias will not affect the anthropometric data.
There is likely to have been an ascertainment bias so that the patients were not properly representative of severe malnutrition in the community, because those who were recruited by MUAC criteria were selected from community screening and those who were selected by WHZ criteria were taken from attendees at the health centre. Survey data from the DRC indicate that 32% of the severely malnourished children by WHZ have a MUAC above the cut-off point for SAM [75] . They will be under-represented in the patient population. If the WHZ children are more severely ill than those identified by MUAC, it could account for the fact that none of the intervention children relapsed using MUAC criteria, but 1.1% relapsed using WHZ criteria. However, this difference is quite trivial compared to the difference in the two arms of the study, so we do not consider this to have resulted in a major bias.
As there is no real seasonality in this location and as the two arms were conducted concurrently, we do not consider the time of discharge as a cause of bias. The data for the non-intervened group are consistent with the reports of other programs of outpatient treatment in many other locations, and their rates of relapse are similar to those of many other reports. We therefore consider the study to have reasonable external validity for the control group. The effect of the intervention, however, is dependent upon variables such as the availability of varied nutrient-dense products on the market, reasonable market access for the participants and reasonable price stability; therefore, the external validity of the intervention arm needs to be confirmed in other contexts with differing potential effectors.
This research demonstrates the benefits of cash assistance; any potential negative impacts were not considered or examined (such as the extra cash in the society increasing market prices to the detriment of the control group). However, one possible negative effect of a therapeutic treatment program is that the child will be purposefully kept malnourished in order to receive the benefit. This is not thought to be a problem in the present study, as it was made clear to the beneficiaries of the intervention arm that they would receive the cash transfer monthly for 6 months independently of the recovery rate of the child, provided that they did not default from the program. Thus, the cash is likely to have deterred defaulting (a good outcome), but there was no incentive to maintain the child in a malnourished state to continue to benefit from the program. It is possible that such an effect was present for some children in the control arm of the study; however, the mean length of stay under treatment was not different between the groups. If this did occur, it is a further benefit of the cash transfer for the intervention group.
The study does not provide evidence of a greater positive effect of providing cash assistance rather than in-kind or other forms of assistance. The study estimates the impacts of cash when US$240 was delivered per household over the course of 6 months to children with SAM. The findings should not be extrapolated to different amounts or time frames. Moreover, this trial was conducted in a semi-urban area of the DRC without marked seasonal variation that had during the study a relatively poor food insecurity and a high prevalence of wasting. Therefore,
